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TUBERCULIN CONTACT REACTIONS IN HYPERSENSITIVE
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HIsToLoGIcAL AND IMMUNOLOGICAL STUDY*
J. PROCHAZKA FISHER, M.D. AND THEODOR INDERBITZIN, M.D.
Animals respond to sensitizing stimuli by
developing two major types of sensitivity: the
delayed-tuberculin or contact-type, mediated by
lymphoid cells, and the immediate type, mediated
by serum antibodies (1).
It was observed that guinea pigs, repeatedly
injected with tubercie bacilli, developed contact
sensitivity to Old Tuberculin. The contact
reactions were unusual in that papules and
pustules formed in the reacting skin areas. The
sensitization also induced high titers of serum
antibodies against Old Tuberculin. In this report
we present the histological and immunological
investigations into the nature of these contact
reactions and their relation to the serum anti-
bodies.
MATERIALS AND METHODS
Materials
Tubercle bacilli, human strain H37Rv, grown
on Long's synthetic medium, killed with phenol,
washed and lyophilized, were donated by Parke
Davis and Company (Lot. No. 059217). The bacilli
were suspended in saline and emulsified in Bacto-
Adjuvant Incomplete, Difco Laboratories, con-
taining 1.5 ml of mannide mono-oleate and 8.5
ml of paraffin oil per 10 ml. The emulsion used for
sensitizing injections contained 2 mg/ml of
tubercie bacilli and that used for booster injections
1 mg/mI.
Old Tuberculin (OT), 4 times concentrated U.S.
Standard, Lot. No. 2723-22, was donated by
Lederle Laboratories. It was prepared from culture
filtrates of tubercie bacilli var. hominis, strains
C, DT and PN. It contained 10.1 mg/mI of total
nitrogen and 4% glycerin. Four-fold and 40-fold
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dilutions of the concentrated OT, i.e. OT and 1:10
OT U. S. Standard, were prepared with 4% glyc-
erin in water.
Purified Protein Derivative of Tuberculin (PPD),
Lot. Rx. No. 032379, prepared from culture fil-
trates of H37Rv bacilli was donated by Parke
Davis and Company in lyophilized form. The
preparation contained 9% tuberculocarbo-
hydrates.
Tuberculopolysaccharide S-4, a fraction sep-
arated by electrophoresis from tuberculin (2),
was donated by Dr. Dennis W. Watson of the
University of Minnesota. The fraction designated
Polysaccharide I, has a molecular weight of about
9000 (3). The preparation was not entirely free
of protein.
Experimental Animals. Male, albino guinea
pigs, weighing 300 to 350 g, 3 to 4 months old, were
used for sensitization. Each animal was given 2
intramuscular injections of 0.5 ml of emulsion
representing a total of 2 mg of tuberele bacilli.
Two months later the animals were tested for
tuberculin sensitivity. Individual sera (from
blood drawn by cardiac puncture) were examined
for the presence of precipitating antibodies against
OT by means of agar gel diffusion. The animals as-
sessed to be the best producers of precipitins
received a booster injection of 0.5 ml emulsion,
containing 0.5 mg tubercie bacilli. The same
booster injections were repeated every 10 to 12
weeks for one year.
Epicutaneous Testing. Testing of the contact
reactivity of the animals was performed 6 weeks
after the last booster injection of tubercie bacilli.
The 23 surviving animals, now 20 months old,
weighed between 600 to 900 g. 18 hours before
testing a strip of skin lateral to the spinal groove
was shaven with an electric clipper. Three OT
solutions were applied to different areas of skin:
OT (4x concentrated), OT and OT (1:10) the high-
est concentration in the most distal portion of the
back. One drop of each solution was applied from
capillary pipettes and spread with a glass rod over
a skin area 1.0 to 1.5 cm in diameter. Until the
test solution had evaporated the animals were held
in the hand to prevent spilling. Thereafter each
animal was placed separately in a small, wire
basket to restrain its movements. The first read-
ing of the test sites was made after 24 hours. The
brownish film of the OT was gently washed off
with warm saline 4 hours before the 24-hour read-
ing. Thereafter, the sites were observed frequently
for several days.
Normal animals of the same age and weight were
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used for controls. The same technic and solutions
as described above were employed for epicutane-
ous tests.
The role of the glycerin containing vehicle used
for the OT was examined by epicutaneous tests
made on the most sensitive animals with a 4%
glycerin-water solution containing 1% PPD.
Sk'in Sections. Contact reactions were induced
in sensitized guinea pigs with one drop of OT on
the distal portion of the nuchal area. Lifting of
the skin outside of the challenged area produced a
fold running through the test site. A biopsy speci-
men was taken with sharp scissors causing minimal
injury within the specimen. Biopsies were taken
from the challenged sites 2, 6, 12, 24, 48, 72 and
144 hours after the epicutancous application of
the OT. One lesion was induced in each guinea pig
at a time and one biopsy specimen removed. For
each time period at least 4 specimens from different
animals were obtained and examined. The speci-
mens were fixed in formalin, mounted in paraffin
and serial sections were stained with Harris'
hematoxylin and eosin and with Giemsa's azure
eosinate.
Antibody Studies. After the biopsy wounds had
healed, the animals were bled by cardiac puncture
and sera collected in a routine manner. The Ouch-
terlony double diffusion technic was employed
for the demonstration of precipitins in agar plates.
The technic described by Feinberg (4) was adopted
for a quantitative estimate of the endpoints of
precipitation and of inhibition of the endpoints
of precipitation in agar: 2, 4, and 8% of antigenic
solutions (10 gm protein ml) were incorporated
into the agar, the holes cut with an 18-hole cutter
(Consolidated Lab., Chicago Heights). The wells
were filled to their rim. 1.33 fold serial serum dilu-
tions were used. The plates were kept at room
temperature and the development of precipitin
rings was observed for 2 to 6 days.
The anaphylactic property of the sera was
tested by means of passive cutaneous anaphylactic
reactions (5). 0.1 ml of sera diluted in saline 1:50
to 1:5000 were injected intradermally on the shorn
back of normal guinea pigs. The sites were chal-
lenged 6 hours later by means of intravenous in-
jection of 0.3 ml of OT mixed with 0.7 ml of 1%
Evans Blue in saline. Reactions, evidenced by an
effusion of the blue dye greater than 10 mm in
diameter, were considered positive.
The sera richest in precipitins and most active
in transfer of cutaneous anaphylaxis were pooled.
This pooled serum will be referred to as anti-OT-
serum.
Technic oj Transfer Experiments. Two groups of
male albino guinea pigs, weighing 300 to 350 g
each, were used as recipients of the guinea pig
sera: normal animals and animals sensitive to
dinitrochlorobenzene (DNCB). The sensitization
of the latter group was accomplished by repeated
epicutaneous applications of 2% DNCB in ace-
tone.
An allergic contact dermatitis (3 X 6 cm) was
induced by epicutaneous application of 0.05%
DNCB in acetone on the shorn nape of the DNCB-
sensitive animals. Only animals with moderately
erythematous lesions were selected 16 hours later
inasmuch as the erythema of such lesions faded
almost completely within the following 24 hours.
In a similar way, a toxic lesion was induced in
normal guinea pigs by application of 1% DNCB
in acetone; only animals with evenly erythematous
lesions were selected.
The selected animals were given either an intra-
venous or an intraperitoneal injection of 1 to 5
ml of the pooled anti-OT-serum or of nor-
mal guinea pig serum. Immediately after the serum
injection 3 skin sites were challenged with OT as
follows: One drop of OT was gently spread in the
area of the dermatitis over a round area of 1 to 1.5
cm in diameter, another epicutaneous application
of OT (4x concentrated) was made to an area of
normal skin; and a third test site, also in an area
of normal skin, was injected intradermally with
0.05 ml OT diluted 1:25 with normal saline.
The test sites were read 24 hours after the trans-
fer of serum. The film of the OT, applied epi-
cutaneously, was removed and the changes at the
test sites assessed as follows:
(—) Negative reaction. No macroscopic
changes; i.e., the test site could not be dis-
tinguished from the surrounding skin.
(±) Doubtful reaction. Macular erythema but
no increase in thickness of the skin.
(+) Positive reaction. Erythema, particularly
intensive around follicles and an increase in the
thickness of the skin.(++) Positive reactions. In addition to the
changes described for a (+) positive reaction
perifollicular papules and pustules.
The development of positive reactions at the
site of the intradermal test with 1:25 OT was that
of a passive Arthus reaction: one hour after trans-
fer of the antiserum, the bleb at the site of the
injection was larger than the control and showed
an erythematous margin. Six hours after transfer
there was an erythematous induration of the der-
mis. The 24 hour reactions showed in addition
central blanching and hemorrhage. At this time
the diameter of the area of induration was meas-
ured and recorded.
Additional experiments were made using DNCB
sensitive animals injected intravenously with 2
ml of rabbit anti-human albumin serum. The
antiserum was decomplemented and adsorbed
with guinea pig erythrocytes and leukocytes. It
contained 100 meg antibody N in 1 ml. Epicutane-
ous tests were made with 1% human albumin in
4% glycerin-water.
RESULTS
Macroscopic Changes at the Sites of Tuberculin
Contact Reactions. All sensitive guinea pigs,
repeatedly injected with tubercle bacilli, devel-
oped contact reactions to the 4 fold concentrated
OT and OT; 7 of 23 animals reacted to the 1:10
FIG. 3. Two-hour OT(4x) contact reaction.
Accumulation of lymphoid cells around a sebace-
ous gland.
FIG. 2. Allergic OT contact reaction with con-
fluent pustules; 72-hour reaction.
OT dilution. A drop of OT spread on the skin
produced a uniformly bright red and moderately
indurated lesion within 16 hours. Macular
erythema at the site of challenge occurred within
3 to 6 hours after the OT had been applied. In
addition to erythema and induration raised
perifollieular papules appeared within 24 hours.
During the next 24 hours the papules changed
into small pustules (Fig. 1). In the intensive
skin reactions, the pustules became larger and
coalesced toward the end of the 3rd day (Fig. 2);
whereas in the weak reactions the erythema
decreased and the reaction became maeulo-
papular. The pustules and the erythema re-
gressed after 5 to 8 days. During the period of
regression the pustules dried up, adherent scales
formed and some hair was lost. The maculo-
papular reactions disappeared faster. By the
4th or 5th day there was only a slight sealing.
Attempts to induce toxic skin reactions with
4 fold concentrated OT in normal animals
failed.
Epieutaneous tests made on the most sensitive
animals with 4% glycerine-water solution either
with or without 1% PPD were negative.
Histologic Changes at the Site of Tuberculin
Contact Reactions. Two hours after OT had been
applied to the shorn skin of the sensitive animals,
the only histologic change consisted of accumula-
tions of lymphoid cells around hair follicles and
especially around sebaeeous glands (Fig. 3).
In the six hour biopsy specimens the capil-
laries of the upper dermis were dilated and an
increased infiltration of the dermis, solely by
lymphoid cells, was apparent. The thickened
follieular epidermis showed areas of spongiosis
and of lymphoeytie infiltration.
In the biopsy specimens from 12 hour lesions
the epidermis contained numerous foci of lympho-
cytie spongiosis and prevesieules (Fig. 4). Also
noted was infiltration of epidermis by another
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FIG. 1. Allergic OT contact reaction with pap-
ules and pustoles; 48-hour reaction.
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FIG. 4. Twelve-hour OT contact reaction. Prevesicle formed by a group of lymphoid cell nuclei in a
cleavage among epidermal cells.
Fro. 5. Twelve-hour OT contact reaction. Large mononuclear cells with eosinophilic cytoplasmic
granules within epidermis.
_at
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FIG. 6. Twenty-four hour OT contact reaction.
Perifollicular papule: Massive invasion of the
spongiotic epidermis of the hair follicle and the
follicular orifice by polymorphonuclear leuko-
cytes.
type of cells, namely large mononuclear cells
with eosinophilie cytoplasmic granules (Fig. 5).
Similar cells were found in the cellular infiltrate in
the dermis. *
Changes in the follieular epidermis were
striking in the histological sections of biopsies
from 24 hour reactions. The acanthotie and
spongiotie epidermis of the follicle and of the
follicular orifice was invaded by polymorpho-
nuclear leukocytes (Fig. 6). However, the
polymorphonuelear leukoeytes were not found
in increased numbers elsewhere in the dermis
among the infiltrate composed of lymphoid
cells.
Examination of the biopsy specimens of 48-
hour and 72-hour reactions revealed massive
* White blood cells differeatial counts stained
with Azure eosin revealed that the experimental
animals had 63—86% lymphoid cells, of which
6—17% were eosinophilic monoauclears—about
twice as high as in the control animals.
FIG. 7. Forty-eight hour OT contact reaction.
Follicular pustule: Invasion of the follicle by
polymorphonuclear cells through spongiotic
follicular epidermis.
infiltration of the follicular epidermis pre-
dominantly by polymorphonuelear cells. The
polymorphonuclear cells had accumulated within
the epidermis of the follicle and of the follieular
orifice to such a degree that they formed intra-
epidermal pustules and micro-abscesses (Fig. 7
and 8).
In the lower dermis and in the subcutaneous
connective tissue of the 24-hour biopsy specimens
only slight edema and dilatation of venules was
present; in the 48- and 72-hour biopsy specimens
a lymphoid cell infiltration and proliferation of
the endothelial cells of the smaller blood vessels
was noted. In biopsy specimens from reactions of
6 days' duration there were changes of repair and
regression which included parakeratotic scales,
aeanthosis of the epidermis and decreased dermal
and subcutaneous infiltration.
Serum Studies. Sera of all the tuberculin
sensitive animals contained precipitating anti-
bodies against the OT. In all sera 4 or more (up
as .1
4
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FIG. 8. Seventy-two hour UT contact reaction.
Confluent follicular pustule: Intraepidermal
microabscess formed by confluence of several
follicular pustules. Infiltration confined to upper
dermis.
to 8) precipitin hands were observed. In some
sera the 2 or 3 precipitation hands nearest to the
serum well overlapped and formed a dense, wide
precipitation ribbon. An attempt was made to
estimate the nature of the UT components
causing the variety of the precipitin hands.
Accordingly, the anti-UT-serum was tested
against PPD and against Tuberculopolysac-
charide 5-4. The polysaccharide induced inten-
sive precipitation in the proximity of the serum
well, whereas the precipitation bands against
PPD formed near the antigen well. Determina-
tions of the precipitation endpoint against UT,
after adsorbtion of the anti-UT-serum with
IPPD, indicated that the bulk of the precipitat-
ing antibodies could be ascribed to the non-
protein fractions of the UT. All sera transferred
cutaneous anaphylactic sensitivity to normal
guinea pigs. The sera richest in precipitins and
most active in the transfer of cutaneous ana-
phylaxis were pooled. The pooled anti-UT-serum
TABLE I
Results of Skin Tests with Old TuberculininGuinea-
Pigs Injected with Homologous Anti-Old-
Tuberculin Serum
Animals
DNCB
sensitive
guinea
pigs
ml. of serum
injected
1 ml., i.v.
2 ml., i.v.
3 ml., i.v.
3 ml., i.p.
5 ml., i.p.
5 ml., i.p.
Epicutaneous Old
Tuberculin Test
in Areas Of—
—
Normal Allergic
Skin Dermatitis
—
— ++
— +
— ++
— ++
Intra-
dermal
Test Witb
1/25 OT
6 mm.
15
13
11
16
15
Normal
guinea
pigs
1 ml., i.v.
2 ml., i.v.
3 ml., iv.
3 ml., i.p.
5 ml., i.p.
Epicutaneoos Old
Tuberculin Test
in Areas Of—
Normal Toxic
Skin Dermatitis
—
—
— +
— +
10 mm.
13
18
15
19
induced passive cutaneous anaphylactic reactions
greater than 10 mm in 1:1250 dilution. The anti-
UT-serum was passed through a Seitz-fflter
before use for passive transfer.
Transfer Studies. The results of the experi-
ments are tabulated in Table I.
Six DNCB-sensitive animals with induced
allergic DNCB dermatitis were injected with
the anti-UT-serum and simultaneously tested,
with UT. Five out of the six animals developed
reactions to the UT applied in the area of allergic
dermatitis. Une reaction was macular, 1 cry-
thematous, 4 reactions were papulo-pustular
(Fig. 9 and 10). The stages for induction of these
reactions were produced experimentally to
parallel the sequence of changes observed at the
site of the UT contact reactions: First, delayed
type contact reactions were produced with
DNCB (as in the UT contact reactions by the
UT itself); then, subsequent to transfer of the
anti-UT-serum, papules and pustules were
induced with the UT in the dermatitic areas. UT
tests applied epicutaneously to normal skin
areas failed to elicit skin reactions.
.
':.
, 
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Fin. 9. Guinea pig injected with homologous
anti-OT-serum and simultaneously tested with
two epicutaneous applications of OT: (a) in an
area of allergic DNGB dermatitis and (b) in an
area of normal skin, and (c) with an intradermal
injection of 0.05 ml 1/25 OT.
Fin. 11. A papulo-pustular OT reaction super-
imposed in an area of allergic DNCB dermatitis.
Polymorphonuclear cell invasion of spongiotic
epidermis of the hair follicle and its orifice.
Fin. 10. Same animal as in Fig. 9, twenty-four
hours later, after removal of epicutaneously ap-
plied OT films: (a) papulo-pustular reaction to the
epicutaneous OT test applied in the dermatitic
area, (b) negative epicutaneous OT test in normal
skin area, and (c) passive Arthus reaction at the
site of the intradermal OT test.
At the site of the intradermal OT test a pas-
sive Arthus reaction developed in all animals.
The experiment was repeated, using 5 normal
animals which had toxic dermatitis induced by
application of 1% DNGB. Three out of the 5
passively sensitized animals developed reactions
in the area of the toxic dermatitis; all had passive
Arthur reactions at the site of the intradermal
test; and one animal had a maeular reaction to
the epicutaneous test applied in the normal skin
area.
The histologic changes observed at the site of
passive OT reactions induced in the area of al-
lergic DNGB contact dermatitis resembled the
changes of OT contact reactions of 24 to 48
hours' duration in the tuberculin sensitive ani-
mals. The massive invasion of polymorphonuelear
Ieukoeytes into the spongiotie epidermis resulted
in follicular papules and pustules. (Fig. 11). In
the passive OT reactions induced in the areas of
toxic DNCB dermatitis only a few papules and
pustules developed; nevertheless, a dense infiltra-
tion by polymorphonuclear cells was found
1t
' 
•
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Fin. 12. OT reaction superimposed in an area of toxic DNCB dermatitis. Polymorphonuclear cells
crowding beneath necrobiotic epidermis.
crowding beneath the neerobiotic epidermis
(Fig. 12).
Control Experiments for Transfer Studies
1. DNCB sensitive and normal animals
injected with pooled normal guinea pig serum
were tested in the same manner as those injected
with anti-UT-serum. All skin tests were negative.
2. IDNCB sensitive animals injected with
anti-UT-serum were tested epicutaneously with
1 % PPD. No epicutaneous reactions were
observed although passive Arthus reactions
developed in all at the site of the intradermal
test.
3. DNCB sensitive animals were injected
with rabbit anti-human albumin serum and
tested cpicutaneously with 1% human albumin.
No epicutaneous reactions were observed in
either the area of IDNCB dermatitis or the area
of normal skin although the intradermal test,
24 hours after serum transfer, produced an
edematous hemorrhagic reaction in all.
4. Still another group of DNCB sensitive
animals were injected intradermally with 0.1 ml
anti-UT-serum in 2 areas of skin: one within the
area of DNCB dermatitis and the other in an
area of normal skin. 10 hours later the sensitized
skin areas were challenged by epieutaneous
application of the 4 fold concentrated UT. Some
animals were given simultaneously an intravenous
injection of Evans Blue. None of the animals
developed an anaphylactie cutaneous reaction
although the UT remained in contact with the
skin for as long as 6 hours. To make certain that
anaphylactic cutaneous sensitization had been
accomplished, each animal was challenged
intracardially with UT and Evans Blue at the
end of the observation period. PCA reactions
developed at the passively sensitized sites in all
animals.
DISCUSSION
This study presents evidence that guinea pigs
repeatedly injected with tubercle bacilli develop
contact sensitivity to UT and high titers of
precipitating antibodies against numerous UT
antigens. The UT contact reactions were of the
delayed type. An allergic skin inflammation
appeared 3 to 6 hours after contact with the UT
and reached its peak in 24 to 72 hours. The
course of the UT contact reaction differed from
that of allergic contact reactions induced in
guinea pigs by chemicals (6) in that perifollicular
papules and pustules appeared within the
reacting area 24 to 48 hours after the reaction has
begun.
TUBERCULIN CONTACT REACTIONS IN GUINEA PIGS 427
The sequence of histologic changes at the site
of the OT reactions in the first 24 hours (i.e.,
infiltration by lymphoid cells, epidermal
spongiosis and intraepidermal vesiculation) was
the same as that observed in allergic chemical
contact dermatitis (7, 8, 9). However, the
massive invasion of polymorphonuclear cells into
a spongiotie follicular and perifollicular epidermis
was not typical of contact reactions induced by
chemical antigens.
Papulo-pustular contact reactions are frequent
in guinea pigs that are sensitized to and epi-
cutaneously tested with staphylococeal and
fungal antigens (10, 11, 12). The cited studies
chemical contact dermatitis in the early lesions
but followed by formation of intraepidermal
pustules and micro-abscesses particularly in the
lesions of 48 hour duration. This sequence of
histological changes is the same as that observed
at the sites of OT contact reactions.
The transfer experiments have shown that
serum antibodies caused an unusual papulo-
pustular reaction at the site of skin contact with
the OT antigens, only when the OT had been
applied to an area of skin previously damaged by
DNCB dermatitis. Apparently the antigens of
the OT capable of initiating the papulo-pustular
reaction did not penetrate the normal epidermis.
Their penetration was effected by induction of
inflammatory skin damage immunologically
unrelated to the OT antigens. The passive OT
reactions that were induced in areas of skin dam-
aged by toxic DNCB dermatitis were less intense
than those induced in the areas of allergic DNCB
dermatitis. The histologic changes at the sites of
toxic and allergic DNCB dermatitis suggested an
explanation for this difference. In the toxic DNCB
dermatitis epidermal necrobiosis affected the
epidermis of the skin surface but spared the
epidermis of the hair follicles. In the allergic
DNCB dermatitis epidermal spongiosis affected
the epidermis of both the skin surface and of the
hair follicles, and greater edema of the upper
dermis occurred. It appears likely that the
changes of allergic IDNCB dermatitis allowed
greater seepage of the OT antigens through the
epidermis permitting their interaction with the
transferred antibodies.
In relation to tke immuno-pathological obser-
vations described herein, the studies of Meier and
Schar (13) and of Boyden (14) are important.
Their studies demonstrated that antibody-
antigen complexes in vitro act as or release a
chemotaetie substance inducing a migration of
polymorphonuelear cells into the area of its
highest concentration. Only slight chemotactie
influence on leukocytie migration is exerted
by tuberculopolysaceharides, tuberculophospha-
tides, and tuberculoproteins as such (14, 15).
In view of these studies it appears plausible that
at the site of the OT contact reactions, active or
passive, the formation of an OT-anti-OT-serum
complex stimulates the migration of the poly-
morphonuclear cells, causing their accumulation
at points of OT penetration through the
epidermis.
SUMMARY
I. Allergic contact reactions in tuberculin
sensitive guinea pigs to Old Tuberculin are
described. On the basis of macroscopic and
histologic findings it was shown that the reactions
represented delayed type allergic contact reac-
tions accompanied by the development of papules
and pustules. The papules and pustules were
due to a massive invasion of polymorphonuelear
leukocytes into the spongiotic epidermis.
II. The serum of the tuberculin sensitive
animals contained high titers of precipitating
antibodies against various components of Old
Tuberculin. The bulk of the antibodies seemed to
be directed against components of the Old
Tuberculin not present in its Puri/led Protein
Derivative.
III. Transfer of pooled anti-Old-Tuberculin
serum to animals not sensitive to tuberculin
caused the appearance of papules and pustules
containing masses of polymorphonuclear cells at
skin sites which had been previously damaged by
the induction of an inflammatory reaction and
then had been challenged with Old Tuberculin.
IV. The papulo-pustular contact reaction to
Old Tuberculin is apparently a dual allergic
response in that the initial reaction is a delayed
type contact reaction and the subsequent papulo-
pustular reaction is mediated by serum anti-
bodies.
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